Objective: The aim of the study was to examine the prophylactic role of repetitive transcranial magnetic stimulation (rTMS) on the frequency, and severity of migraine attacks in episodic migraineurs who failed medical treatment. Methods: A randomized double-blinded placebo-controlled study was designed to assess the effect of 5 Hz rTMS applied over the left dorsolateral prefrontal cortex (LDLPFC ) in 33 migraineurs. Patients were followed up for 1 month before receiving rTMS, and for another month after the sessions by a headache diary. The primary outcome measure was the achievement of 50% reduction in the number of migraine attacks. Secondary outcome measures included migraine days, assessment of migraine attack severity, disability by HIT-6, and side-effects to the procedure.
Introduction
The incidence of a new migraine diagnosis is increasing [1] . Migraine is classified into an episodic and a chronic form based on the frequency of migraine attacks per month. The two forms despite representing a spectrum are currently regarded as different entities. Episodic migraine, which is considered as the milder form, has an annual conversion rate of 2.5% to chronic migraine [2] .
Causes of conversion include non-modifiable factors related to the course of the disease, and modifiable causes like medication overuse, increased body mass index, and the presence of depressive symptoms [3] . These factors are inappropriately managed in many cases because of a lack of specialist attention and hence delayed the start of specific prophylactic measures.
Trials to improve the treatment outcomes of episodic migraines would therefore, decrease the overall disease burden. This is especially true given the limited effectiveness and poor tolerability of the currently available prophylactic medications [4] . Single-pulse and repetitive TMS have been recently tried in the acute and prophylactic management of migraine, respectively [5] . The results of the acute management trials were encouraging [6] . However, most of the work done on the prophylactic role of rTMS targeted chronic migraineurs with conflicting results, apart from one study that recruited episodic and chronic migraineurs and reported positive results [7] [8] [9] .
In an effort towards resolving this conflict and clarifying the best responders to rTMS, we decided to work only on cases with episodic migraine. So, this placebocontrolled pilot study examined the prophylactic role of LDLPFC high-frequency rTMS in a group of episodic migraineurs.
Methods

Patient selection
Thirty-three consecutive cases diagnosed as episodic migraine with or without aura according to the ICHD third edition, with a headache frequency of 4-14 per month for the last 6 months and older than 16 years were recruited from the neurology and headache clinics in Ain Shams University Hospitals. All patients had either an unsatisfactory response, declined or were intolerant to at least two prophylactic medications [10] .
Patients with past or family history of seizures, other chronic pain disorders, severe depression (Beck Depression Inventory of 30 or more), other significant neurologic or psychiatric diagnosis including substance misuse, metal implants in the head, pregnant or breastfeeding ladies, or prior experience with TMS were excluded.
The patients were randomized through dark sealed envelopes into an active group (n = 14) or a sham group (n = 19). The baseline and follow up assessments were done by two experienced neurologists. Both neurologists as well as the patients were blinded to the type of stimulation. Two well-trained technicians delivered the sessions. They were not involved in patient assessments, follow-up, or data analysis. Four patients dropped out during the treatment phase and follow-up (three from the control group and one from the active treatment group) due to lack of response and travel.
Determining cortical excitability
Magnetic stimulation was administered with a Dantec MagLite stimulator (Dantec Corporation, Skovlunde, Denmark), using a figure-of-eight (MC-B70) coil. The handle of the coil was placed on the left hemisphere posterior to the midline at a 45°angle then moved forwards at 1-cm steps. Once the hot spot was identified, the motor threshold (MT) was determined as the lowest stimulation intensity that produces a visible abduction of the right thumb. This procedure was repeated before every rTMS session.
LDLPFC was localized five centimeters anterior to the hot spot [11] .
Treatments
The active treatment group received 5 rTMS sessions, delivered over one week. Each rTMS session consisted of a single train of 900 total pulses over 3 min duration given at 5-Hz frequency and 100% motor threshold intensity. Sham rTMS was given with the same stimulation frequency at a fixed intensity of 50% of the machine output. The coil was held perpendicular to the brain surface over the left DLPFC site. There was no change in the treatments received by the patients for 2 months before active enrollment and during the study period.
Assessments
Patients were followed up for one month before receiving rTMS, and for another month after the sessions by a headache diary. The primary outcome measure was defined as the reduction of migraine attack frequency by at least 50% after rTMS sessions. Secondary outcome measures included migraine days, number of abortive pills used per month, the intensity of pain that was assessed using the 0 to 10 Numeric Pain Rating Scale (NPRS), and the duration of migraine attacks. Severe migraine days were defined as those with NPRS more than 7. For all the aforementioned migraine severity parameters, a 50% reduction was defined as the treatment target and was calculated together with the absolute reduction or change is a certain parameter. Functional disability was measured using the HIT-6 score. Severe HIT-6 was defined as a score of 60 or more [12] . A clinically significant change in the HIT-6 was defined as a change of 5 points or more [13] .
Statistical methods
The data was analyzed with SPSS (Statistical Package for Social Science) version 20. Descriptive statistics were displayed as mean ± standard deviation (SD) for continuous data and case count and percentage for categorical data. The statistical tests used for inter-group comparisons were the chi-square and the independent samples t test. Within-group comparisons were done using the paired t test. The level of statistical significance p value was set at 0.05.
Data availability
Anonymized data of patients not published within this article will be made available by request from any qualified investigator.
Results
The demographic and clinical characteristics of the studied sample are shown in Table 1 . There were no significant differences between patients in the two studied groups at baseline. Although the two groups showed a significant improvement in almost all the follow-up parameters, the magnitude of improvement was greater in the active treatment group (Table 2) .
Regarding the inter-group comparisons, a 50% reduction in migraine attacks and migraine days was achieved in 69.2% (9/13 cases) of the active treatment group versus a 25% (4/16) (p = 0.02) and 31.2% reduction (5/16) (p = 0.048) in the control group in both outcome measures, respectively. The severe migraine days were reduced by a minimum of 50% in 84.6% (11/13) cases in the active versus 50% (8/16) in the control group (p = 0.058) ( Table 3) .
Regarding the migraine attack characteristics, there was no significant difference between the two treatment groups. A 50% reduction in the attack duration and intensity of pain was only achieved in four cases (3 active; 1 control) for both parameters. The absolute reduction in the duration of a single attack was similar between the two treatment groups (active 2.7(3.1) vs control 2.6(2.9)), while for NPRS, the active group was better (2.1(1.8), vs 1.3(1.2) for the control group). More cases in the active group (46.2%, 6/ 13) achieved a 50% reduction in the number of abortive pills used when compared to the control group (31.2%, 5/16). The difference was not statistically significant though (p = 0.3). Also, the mean decline in the number of pills was similar in both groups (active 6(5.1) vs control: 5.9(7.9)) ( Table 3) .
A clinically significant decrease in disability as measured by a 5 points reduction in HIT-6 score was achieved in 84.6% (11/13) of active cases vs 50% 8/16 of controls (p = 0.058). The absolute HIT-6 score reduction was 15.3(13.1) vs 6.1(5.2) in the active and control groups, respectively. The number of patients with severe HIT-6 score (60 or more) was reduced by 46.2% (6/13 cases) in the active treatment group and by only 7.1% (1/14 cases) in the control group (p = 0.02).
Discussion
Migraine is a chronic brain disease with an episodic clinical presentation [14] . The baseline hyperexcitability [15] is decreased by prophylactic treatment [16] and non-invasive brain stimulation [17] , usually with a concomitant reduction in attack frequency. A recent study showed that a single pulse of TMS decreased firing in trigeminothalamic and thalamocortical neurons in rats after induction of cortical spreading depression [18] . When applied to the LDLPFC, rTMS exerted a bilateral non-opioid pain modulating effect [19] [20] [21] . In addition to changes in neuronal network activity, rTMS has been shown to induce changes in dopamine [22] , and glutamate levels [23] . Repeated rTMS stimulation-induced synaptic plasticity via longterm potentiation, hence repeated sessions can induce a response that outlasts the stimulation period [24] . The main drugs used for episodic migraine prophylaxis include antiepileptics, like topiramate, and valproate, beta-blockers and amitriptyline [25] . Unfortunately, the effectiveness of these medications in reducing migraine frequency by at least 50% is in the range of 20-45%, with a sham response rate of 10-25% and with 10-17% of cases stopping the treatments for intolerable side effects [4] . This leaves a big room for finding better management options for nonresponders that can achieve the main treatment pillars of 50% or more reduction in migraine frequency while reducing attack severity, and decreasing the need for abortive medications. This decreases the disability burden and also minimizes the risk of medication overuse or conversion to chronic migraine [26] . High-frequency rTMS applied over the LDLPFC was used by Brighina et al. in an open-label shamcontrolled study (n = 12) that recruited chronic migraineurs. The 6 cases in the active group achieved a significant reduction of migraine attacks (> 50%) [8] .
Another study recruited 14 chronic migraine cases, who received 23 rTMS sessions over the LDLPFC on alternate days failed to show a significant improvement in the active treatment group [7] . Misra et al. applied three sessions of 10 Hz rTMS over the LDLPFC on alternate days in a double-blinded randomized sham-controlled RCT. They recruited a heterogenous group of 100 cases with chronic and episodic migraine, with or without aura, some of them were overusing abortive medications. The active treatment group improved greatly, with around 78.8% reduction in attack frequency in the active group vs a 33 reduction in the control group. The improvement was noticed mainly in the chronic migraine group [9] . A fourth RCT examined the effectiveness of rTMS applied to the primary motor area against an active comparator (Botulinum toxin) in chronic migraine. Their results showed a 50% reduction of migraine days in 65-70% of cases in both treatment groups in the first month after therapy [27] . Low-frequency rTMS was tried over the vertex area in a shamcontrolled study that recruited 27 cases. Both groups showed a modest improvement but there was no difference between the two treatment groups [28] .
Our study showed a reduction of 50% or more in migraine frequency and migraine days in almost 70% of the active treatment group. The sham response was 25%. The absolute reduction in the number of attacks was 3.1 compared to a reduction of 2.4 attacks with topiramate 200 mg [19] .
Of note, although the sham stimulation group achieved a 25% reduction in attack frequency, only 1/14 cases achieved a significant reduction in disability measured by HIT-6 as opposed to 6/13 in the active group. This means that active LDLPFC rTMS helps more cases, especially severe ones, and contributes to disability reduction.
Regarding depressive symptoms, 91.9 % of the studied sample had no or mild depression using the Beck Depression Inventory. However, due to the fact that LDLPFC high-frequency rTMS has a known antidepressant effect [29] , it might be useful in future studies to correlate mood changes with the prophylactic role of rTMS in migraine.
Overall, rTMS is considered an attractive option for the prophylaxis of migraine. It is well tolerated and can be used independently or as an addition to pharmacological treatments [24] . Nevertheless, more work is needed at the bench side to better understand the correlation between the observed changes in neurotransmitter and neural activation studies in healthy and migraine cases, the clinical phenomenology of migraine, the rTMS stimulation parameters, Table 3 Comparison between the two treatment groups regarding the number of cases achieving a minimum of 50% reduction, and the absolute reduction in different migraine severity parameters and the clinical response to rTMS. This can help us to explain the discrepancies in clinical response to rTMS and to improve our selection process of cases who can benefit from this treatment.
